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This invention relates to means for storing
data in calculating and computing systems, but
is not necessarily limited to such systems and
may find use in any electrical system which re-
quires storage of coded data of any character
whatsoever. |

The invention is particularly useful when the

keyboard or other means used for infroducing
data and withdrawing results is remotely located
from the calculaiing and computing equipment
because of its adaptation to remote control by
electrical means.
In computing systems it is frequently necessary
to retain the result of an arithmetical calcula-
tion while octher results are obtained so that the
first result may later be combined arithmetically
with the later results. Storage mezans for such
purposes are not new as illustrated in the Holler-
ith. counter, the mechanical counters in business
machines or in relays. The device which is the
suhject of this invention is electrically controlled,
mechsnically operated, and is self-contained. It
does not reqguire the power driven shaft of either
the Hollerith or mechanical counters or the lock-
ing circuit of the relays.

The storage mechanism described herein con-
sists of several registers, any one of which may
he brought under the control of common appa-
ratus which forms the connecting link between

a, given register and the calculating system. y;

The data to be stored is in coded form but the
physical grouping of the various register elements
or storage devices is not directly affected by the
code. This grouping is obtained through the
electricg] circuits involving contacts operated by
the common contrcl apparatus which relates
them electrically to the code. Xach register ele-
ment or storage device represents a unit of the
code so that, for example, a five unit code relates

a certain five elements of each register with the

corresponding five contact sets of the common
control apparatus.

Cne of the features believed to be novel resides
in coniroliing the mechanical operation of a
storaze register from
mechanism common to several such registers
and the storage of such registration by whelly
mechanical means,

Still another faature is the reduction of elec-
trical contacts to a minimum whnerepy one set
cf contacts is mechanically controlied by any
civen one of the several registers. This reduces
the amount of wiring required to connect the
rezisters to the general control circuit.

Still] another feature resides in the step by

electrically controlled .
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step method of ftransferring data Iirom one
register to another which, of course, may be ap-
plied when such transfer is made from a register
to the calculator or to the printer in a complete
computing system. Each step in the operation
must be fully and accurately completed before
the next step is started. This method of opera-
tion provides for stopping the operation of a
complete system when a failure occurs and
facilitates a search for the cause thereof.

The above-mentioned and other features and
objects of this invention and the manner of ob-
taining them will become more apparent and the
invention itself will be best understood, by refer-
ence to the following description of the invention
taken in conjunction with the accompanying

drawings, wherein:

Figs. 1¢ and 1b show a side view of the storage
mechanism. Fig. 1g shows the common mecha-

Y nism mounted above Fig. 1b which shows two

reglisters.

Figs. 2a and 2b show a top view of the storage
mechanism. Fig. 2a shows the common mechsa-
nism mounted above Fig. 2b which shows three
register elements with cutaways for showing
more clearly the operation of various parts of
the device.

Fig. 3 shows a front view of three register
elements of two registers with various sections
as indicated in Fig. 1. |

Figs., 40 and 4b show the storage mechanism
in perspective. Tig., 4a shows the common
mechanism mounted above Fig, 4b which shows
two register elements of one register together
with the common control apparatus and contacts
at the top.

Mos. 5¢, 5b and 5¢ when placed in order, side
by side, show a circuit in schematic form to illus-
trate the transfer of a coded digit stored In one
register to another register in the same storage
mechanism.,

Fig. 6a shows an exploded view of the cam-
ming arrangement for displacing a register
element. |

g, 6b shows an expleded view of the cam
and strap for indicating to the common equip-
ment, the condition of a register element.

Fig. 6¢ shows an exploded view of the common
cam and contacts controlled by the strap.

One of the essential requirements of a re-
motely conirolled device is accuracy. TIlectrical
signals originated at the operating point must be
faithfully and accurately reproduced at the re-
ceiving point. There are in general two methods
of transmitting signals electrically and record-
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ing them accurately. An electric circuit may be
closed to operate a relay or a magnet tc record
one of two signals and the receiving device 1s
either operated or not operated to record the
sicnal. This method is not as reliable as one in
which one of two devices is operated to record
the signal because the singie recording device
may fail to cperate when the circuit is closed

and thus cause an error. With the second
method, a device is always operated for recording

and circuit means can be provided to produce a
return or acknowledgment signal to indicate that
the record has been accurately completed. The
latter method is employved in the operation of
the storage mechanism described.

A register element or sicrage device consisis
of a bar adapted to be displaced from its normal

position by fthe mrdi.nate operaticns of Two
sha:i:‘ts, one called a code shaft or sslecior mam-
her, heing common to corresponding element
-0of all registers and the other called a re 1~==te:r
selector or operating shalt being common o all
the: elements of one register. The code shafv
carries camming means adapted to cperaie ne
-corresponding element of all registers-and . winen
o register shiaft is operated the pariicular regisier
element mayv be -displaced. The shafis are op-
erated by electric magnrets, and contast springs
‘are adanted to be opened or closed, thus irdi-
cating the normal or'displaced pesiticn of g vegis-
‘ter element.
- Atest is made of each register element to detect
“its position as normal or displacad. Each register
element is provided with a lug which, in whe
normal position of the element, prevents a cam,
loosely fastened to a register shaft, from engaging
a, transverse strap cemmon to corresponding cle-

ments of all register These straps are adapted
to be movea by th.e epe?’auhﬂ of & Common mag-
net in such a manner as o operate eontacs
- springs individual to the straps and fcrming
part of the common equipnient. The conac
springs thus may detect the -condition of the
register elements and indicate hy their operatec
“or released condition when an elementy is-in its
normal cor displaced position.

The storage mechanism employs two gistingt
operating principles, cne ior in‘i;re}du ing dasa
in coded form inte a given register. e gther
principle provides for detecting the na,ta suored
in a given register and may be used for witas iz W
ing the coded data. The mechanisiz employs
one set of shafts and cams for introducing the
data, and is arranged to destroy a provious Iegis-
tration or to altevr it to represent the newly intro-
dueed.data. The device may emplsy more thai
one set of shafts, cams, straps, and contacts for
detecting the registered data. One such set is
employed to check the registration of the data
for gccuracy and one or more such sets may be
employed to read out the data from a given
register. |

r:‘i*g) :-

r-t-l.-‘

GENERAL DESCRIPTION

When it is.desirable to store data or symbols
in such. 2. manaer that the data or symbols may
be referred to or withdrawn completely from such
storage, the data is generally in coded form. The
code used should provide for a ready means ior
checking the accuracy of information stored or
transferred. That is to say, the storage Gevice
should represent accurately the cocde placed
therein. 'The method used herein for illustra-
tion reguires that each character or symbgl of
the data be represented Ly a combination of units
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less in number than the total number of units
from which the code is derived. Xach of the
units is rernresented in the storage device by
a register element, electrical contacts being op-
arabed corresponding to each element. A cireuit
is closad o signal that exactly the required ones
of the units or elements are operated.

When this princivle is applied in the serial or
step by step operation of an electrical system,

the highest degree of accuracy is assured, be-
cause a dishonest but valid representation can

he ohtained only when & Cross ocgcurs heitween
the individual paths for operating two of the

means and the valid means fails to operate due

to an open wire or to mechanical failure.

As previously stated, the varicus register ele-
ments may be similar and may be divided into
ocroups according to the number of units in the
code, this division being a matter of circuit con-
nections. In a register having 89 register ele-
ments, a 5 unit code provides for a storage of 14

symbols, whereas a6 unit code provides for a
storage of 10 symbols.

In order to illustrate more fully the application
of this basic principle of operation, the ten digital
values of a decimal number may be represented
in g five unit code as follows where each digital
value is represented by two units of the code

Code table

Code Units
Digital Value . v

111+

nD
]
|
|
|
|
|
|
|
1
}
}
i
|
|
|
|
|
|
[
|
i
1
1
]
|
1
I
|
I
I
|
|
|
|
|
1
|
|
I
|
|
|
|
|
L Lt
B
| +~+1 141141

F LR l"“

]
[
I
I
|
|
|
|
|
I
i
i
I
I
1
I
1
|
|
i
1
l
|
}
|
1
I
|
1
|
I
|
I
[
[
[
I
|
I
1
1
I
I
|
I
I I

A (-) sign indicates the operation of the cen-
tacts corresponding to a code unit and a (—)
sien indicates that the contacts are not operated.

When data is introduced into a register, the
arrancement shown in the attached drawings
provides for the restoration of a register element
when the corresponding common code magnet 1S
operated in accordance with the (4) sign of
the takble. This is required with the arrangement
shown in the drawings because the normal posi-
tion of a register element permits the operation
of the corresponding common convact set when
the detecting or read-out operstion takes place.
It is to be understood that the invention is not
limited te this particular method of operation
but apnlies equally well to an alternate method
wherehy a register element is displaced when
the corresponding commaon code magnet is op-
erated in accordance with the () sign of the
table. With either arrangement register ele-
ments are displaced or not displaced te ebtain the
checking facilities desired.

DETAILED DESCRIPTICN
Mechanical operaition

.Bigs, 1a, 10, 2a, 20 and 3 show a storage mech-
anism equipped with two registers, each regis-
ter showing but three gstorage elements or stor-
age devices and the common control mechanism
for introducing and withdrawing the data. 'The

framework of the mechanism congists of a bhase

i and a top plate 2 fastened tegether by channel
supports 3. A register element consists of a
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‘slidable bar 4 mounted on a register base 5. A
register base 5§ carries all the register elements 4
for one register and is mounted on the channel
supports 3. A register element 4 is moved by the
coordinate action of an asscciated spring mem-
ber 6 and cam 7 (see alsp PFig, 6a). Whnen a rex-
ister element 4 is to be moved, the end 8 of the
-spring member 6 is placed in the path of tip § of
the cam 7. Cam 1 is fastened to register shaft
(0, controlled by magnet 11, and presses 1ts Tip
8 against spring end 8 to move register elemens
4 far enough to permit latch 12 to engage noich
{3 in the bar and thus prevent the register eie-
ment 4 from returning under action oi spiing
14 (Fig. 1b). The coiled spring & permits the
movement of spring end 8. There is one cam 7
for each register element 4§, rigidly fastened to
the register shaitv 18.

When a code shaft 15 is rofated by 2 code mag-

net {6 and a register shatt 10 is rotated by a reg-
ister magnet {{, the corresponding register ela-
ment 4 will nct be dispiaced, and, if it is already
in its displaced position at that time, it will be
restored by action of the spring member {1. The
end {8 of this member 7T is moved in the paih
of tip {9 of cam 7. When register shaft {2 i3
rotated by register magnet {1 and a cam { presses
its tip 19 against spring end (8, the spring end
moves petween the slanting end 20 of latch {Z,
snd the bottom face of register clement 4, thus
forcing the lateh from the noteh i3 and permiv-
ting the register element 4 to be moved by spriag
{8 to its normal position as determined by lug
2 of the register element 4 resting against edge
%9 of g slot in the register base 5. As shown in
Fig. 8¢, when spring end 8 is moved out of the
path of tip 9, the tip can move into slot 23 in the
end of register element 4 without displacing the
register element 4 when yregister shaft 18 is
rotated. | |

There is one code shaft {5 for the correspond-
ing register element 4 of each regisier, by means
of which 2 register element 4 of any of the raz-
isters may be contrslled when a register shaft i%
controlled by g register magnet 11 is rotated.
Thus when the code magnets {6 are in itheir
operated or released conditions in accordance
with coded data, the registration of the data in
a given register is obtained by the operation of
recister magnet i which rotates register shait
[0 associated with a given register. Register
shaft 106 operates the cams 7, and the associated
register elements 4 are displaced or releassd de-
pending on the position of the corresponding
springs 6 and {7 controlled through code shaits
|5 by code magnets 6.

Thus, the position of the springs & and 71 de-
termines whether or not the regisier element & is
to be displaced when the cam 7 is operated. I'ne
coils of the springs § and 17 permit the movemens
of the spring ends whenever the cam DPresse
against them. |

When g register element 4 is to be displacedq,
the corresponding code shaft I8 is not retated,
and the end &, of spring B prevents the tip 9 of
cam 1, when rotated by a register shait {9, from
enterine slot 23 of the register element 4. The
operation of the register shaft {0 therefore causes
the register element 4 to be movea becauvse cam
tip 9 presses spring tip 8 against the end o1 reg-
ister element 4 and moves with the element be-
cause of coiled spring §. At this time cam Uip
19 does not engage spring tip {8 and the end 24
of latch spring 14 1S not aifected. When a reg-
ister element 4 is displaced, latchh i2 engages
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notch 13 and holds the register element in its dis-
placed position.

When code shaft {5 is rofated, spring tip (8 is
moved into position to be engaged hy cam tip 3
on the cam T and is pressed against latch spring
22 by the cam tin 19 upon rctation of regisver
shaft (8, causing the lateh {2 to disengage from
notch 13 should the register element 4 have heen
nreviously displaced. This permits spring i4
at the far end of the register element to return
the element to its normal position when the cam
7 is operated by register shaft {8. A this time
snring tip 8 has been moved out of the path of
cam tip § which enters siot 22 of the register
element 4 and thus does not move the element
or prevent if from restoring.

As shown in Figs. 2b and 6a spring end 8 is
normally resting against stop plate 24 of reg-
ister element 4 and is sunnorted by support 25
so that it cannot interfere with the movement
of cam 1. Spring end 18 iz formed to prevent
interference with cam 7 and is supporied by sup-
nort 28. When operated, spring end 18 is stopped
by stop plate 27 of register element 4.

Thus, by this coordinate acticn of the code
shafts {5, one for each set of corresponding reg-
ister elements and a register shaft {8 associaied
with the pariicular register, the desired daig
can be introduced into a register and maintained
in storage until changed by the infroduction 0%
other data. |

Referring to the five unit code table previously
described, a2 code magnet operates for a ()
sien and remains normal for a (—) sign while
o register element is displaced to represent a
(—) sign and is not displaced or is restored to
renresent a () sign when the code magnets are
operated and a register magnet is operated in this
embediment of the invention. |
In order to determine positively that the reg-
istey elements 4 have been displaced in accord-
ance with the coded data and that they remain
in such displaced positions after register shaft
10 is returnsd to normal, a register check
shaft 28 is rotated by a register check magnet 28,
2s shown in Fig. 2b. This check carries cams 30,
and for each register element 4, which are moved
by the coiled spring 3{ when the check shaft ro-
tates. As shown in Figs. 2b and 6D, register ele-
ment 4 is in its norimal position. When check
shaft 28 is rotated, spring 31 permits the check
shaft 28 to rotate without moving cam 38. When
a register element 4 is displaced, as apove de-
seribed, and held in such displaced position by
latch 12, the lug 32 on the register element £ is
in such position that cam 30 can be moved by
snring 81 because lug 23 is not prevented from
moving.

Referring to Figs. 1a and 6b, it will be noted
that the tip 24 of cam 30 is adapted to engage
a detent 35 of a strap 36, Strap 36 carries de-
tents 25, one for each corresponding cam 30.
A detent 37 at the upper end of strap 36 is en-
gaged by cam 33 carried by the common check
shaft 84. When this check shaft 39 is rotated
by the cperation of armature 4§ of check magnet
49 through link 42, cam 28 will rotate with check

shaft 39, provided strap 36 is free to move. How-

ever, if a cam 32 is permitted to move its tip 34
into engagement with a detent 3% because a reg-
ister element 4 has been displaced and moved
lug 32 away from lug 33 of cam 30, strap 36 is
srevented from bheing lifted by cam 38. As shown
in Figs. 2a and 6¢, cam 38 is connected to check
shaft 39 by coiled spring 43 and rotates with
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check shaft 39, provided strap 3€ is not engaged
by cam 38.

As shown in Fig. 1a, cam 38 carries an arm £4
adapted to press against the insulating stud 45
and operate contact springs which, as will be
described later, provide for checking the coop-
eraticn of code shafts 15 and register shafv (8
to displace the register elements 4 and to in-
sure that a register element is held in such dis-

placed pozition by the latch 12.

Figs. 1la, 1b, 2a, 2b, 4a, and 4b show two read-
out channels. Each read-out channel comprises
9 register read-out shaft 48 per register which
carries a spring controlled cam &7 for each reg-
ister element 4. The register element &4 is pro-
vided with a stop 48 which prevents cam 47 from
engaging the strap 49 when the register element
is not dizplaced. When register element & is dis-
placed, cam &7 engages strap 83 and prevents

the operation of cam 58 on read-out shaft 51 of

the common equipment. This operation is the
same as that described for the checking chan-
nel. The second read-out channel operates in
the same manner. |

As will be shown later data may be recorded
in one register while at the same time data can
be read out from some other register in the
same mechanism and, as will be shown, data can
ke transferred from one register to a different
register in the same mechanism.

Fig. 2a shows a 10p view of the mechanism and
in Fig. 2b the top plate is removed. Parts of the
register element are removed to illustrate more
clearly the cam operations. When a code mag-
net 1§ (Figs. 1g and 4a) is operated the arma-
ture end 52 presses against the tip 53 of collar 54
fastened rigidly to the code shaft i5 and rotates
the shaft. Thnis moves the springs § and (7.
Spring end 8 is moved out of the path of tip 9
and spring end {8 is moved into the path of tip
£19 of cam 7, which is rigidly fastened to register
shaft 18. When register magnet {i is energized,
armature B5 (Figs. 2b and 3) rotates register
shaft 18 through the collar 58, pin 57 and link §8.

The operation of magnets 16 and il operates -

contact springs to control circuits as shown In
Blg, d.

In Fig. 20, the lowest register element is shown
complete, the next register element is cut away
to show the normal positions of spring end 8 and
slot 22, and the third register element is re-
moved to show the normal position of spring end
t8 in its relation vo tip 26 of the latceh.

These cutaway views also show the control
springs 3§ of cam 30 and £7. The top plate 2
carries the common check magnet 43 and read-
out magnets £8 and shows the linkags of the
armature 41 to shaft 38. Cams 3§ are controlled
through springs 43 by check shaft 28 and operate
contact springs to control circuits shown in Fig. 5.

Fig. 3 shows a front view of the mechanism.
The front winding heads of code magnets {6 are
slotted as shown at 88 to provide stop positions
for the contact springs and thus provide for defi-
nite contact spring adjustment. A similar slot-
ted card for adjusting the contact springs of the
check and read-out contact springs is indicated
at 1. Parts in the foreground are cut saway to
illustrate the various camiming operations shown
in greater detail in Figs. 6a and 60.

Figs. 4a and 4b show a perspective view of two
register elements of one register and the cocm-
mon equipment mounted on the top plate 2. A
part of register base 5 and register magnet 1!

) |
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is cut away. to show the action of cam 30. and

strap 36.

The drawings show one magnet for rotating a
shaft. When the shaft is long or the work.done
by the shaft requires an amount of power that
cannot be readily supplied by a single magnet
the entire device may be divided into sections of

such size as to permit the use of reasonably sized
magnets, in which case the magnets may be op-
erated in parallel, without departing from the

spirit of my invention. Xurthermore, the con-
tact springs such as are operated by the read-
out shaft 5{ may be reduced to two single springs
operated by a cam 53 when the shaft rotates,
to operate g relay which operates the contact
springs shown and thus reducs the load on mag-
net 8¢ which rotates shaft 8i. The Introduction
of such means which may be required in some
form of my invention does not derart {rom the
principle thercof because the checking circults
to be described later on can be controlled by the
contacts of the relays, thus, in effect, include
the relays and their contact springs as part of
the camming elements of shaft 51,

Electrical circuit operation

Tigs. ba, bb, and be¢ illustrate g cireuit for trans-~
ferring data such as a number in code from one
register to another register in the same mecha-
nism.

The storage mechanism 79 is connected to the
control circuit 7{ through a read-in relay 712
and a read-out relay 13. Five register elements
in each of three registaers, A, B, and C are shown
as g, &b, &ec, Ad, and de. The shaits, cams, lugs,
straps and magnets are designated with the same
reference numbers as in ¥igs. la, 1b, 2a, 20, 3,
4a, and 4b.

The control circuit 71 is not shown in detail
but 1t will be understood that when a number is
t0 be transferred the translator shown in the
pox T4 is adjusted to connect conductors 7E,
15, 71, 18, and 79 through selector switches 8%,
i, 82, 83, and 84, respectively, to a register in
the storage mechanism from which a number is
to be transferred and to a different register in
the same storage mechanism, in which the num-
her is to be stored. The drawing shows one
mechanism T8 but it is to be understood that the
two registers involved may be located on separate
mechanisms, and further that the number may
be read in from other placss, such as a calculator,
a keyboard, or g tape control circuit, or that it
may he read out to such other places. The part
of the following description will aprly when the
circuit of such other places is arranged to coop-
erate with the control circuit 71.

The control circuit contains various relays
designating the type of operation to be performed
by the computing system. One such relay, 85, is
shown with ifs operating conductor 88. This
relay would be operated when g number is to be
transferred from one register to another. The
register, from which the number is to be taken,
will be determined by the setting of switches 89
and ¢f, and the register in which the number is
to be stored, by the setting of switches 82, 82,
and 848. The method of setling these switches in
no way afifects the operations about to be de-
scribed as they only designate or select the par-
ticular mechanism and registers involved in the
transfer.

The mechanism i shows the equipment re-
quired for storing one digit of a number in three
registers, A, B, and C, when the value of the digit
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is represented in the five unit code previously
described. It will be understood that each of
the other digits of g number will require five
register elements, 4, and five cams 1, 230, and 47
per register together with five common code mag-
nets {6, straps 236, and 49, and cams 3% and 41,
and that shafts 38, 51, i3, 28, and 46 are length-
ened accordingly. The circuits through conduc-
tors {43, and {5 will be exiended in serial rela-
tion through the five contact sets of ecach digit
group to provide for the check operations as will
be described. -
It will be assumed for the purpose of this de-
scription that switches 2§ and 84 both select
mechanism 70. Switch 81 selects regisfer B,
from which the number 2 represented by code
units ¢ and d, is to be taken and switches 82
and 83 select register A, in which the number 2
ig to be stored. In other words, the number 2 will
be read out of register B and read into register A
of the storage device T8. Register elements £a
and 4d are normal, and register elements 4b, dc,
and 4d are assumed to have been previously dis-
placed in register B, thus registering ths numimer
2, and after the transfer, register elements £a
and 4d will be normal and 4b, &c¢, and 4e will be
disnlaced in register A to store the number 2.

ne operation of relay 8% connecis ground at
contact 88 over conductor %8 through switzh 85
to the winding of relay 78. Ground is also coil-
nected at contact 92 over conductor 77 through
switch 84 to oparate relay 72. Relay 8 closes
the circuits for read-cut and relay 72 cioses the
circuits for read-in. Ground ai contact 5i over
conductor 785, switch 81, contact £, conductor
{0{ of cable 82 operaies read-ocut magnet 430
of register B. As previously described, magnel
438 rotates shaft 488 1o place cams &Ta to 4ie
associated withy register elements 44 to 4e of
register B in operative relation to the straps
43¢ to 452 to prevent any operation of those
straps associated with displaced register ele-
ments 24b, &c, and de of register B held in thﬂlf
displaced positions by their respective latches {2,
as previously described for Fig. 1,

The contacis of magnet 432 close the check
circuit which is connected in series tnrough con-
tacts of read-out magnets £34A and £3C of reg-
isters A and C respectively. This ¢ircuit is closed
when one and only one of the magnets 434, 428,
and 43C is operated and connects ground over
conductor 182 of cabie $2 contact §5 of relay 13
to operate relay 128, Contact (9 connects
grounda through contact 87, conducfor 124 of
cable &3, to operate common read-out magnet
99, As previouﬂy described in connection with
Big. 1a, magnet 58, rotates shait 84, which car-
ries g cam 58 for each strap 45. The cams sia
and 5%d corresponding tc stravs 4% and 484,
operate their corresponding contact sets (15
and 3. Since register elements ¢ and &éd of
register B ars in their normal positions, asso-
ciated cams 87a and &74 cannot block the move-
ment of straps 48 and &3d. This permits cams
oda and 5354 to rotate with shafv 61 and operate
contact sets {0 and (13.

The operation g¢f convact sets
close a check circuis from groungd av sey (14 {o
conducior (88 of cable %2, and contact 98 to
operate relay 87 when any two and exactly two
of the seis are onerated. Ground through con-
tacts 88 and 288, conductor (86 of cable §2, is
connected to the top contacts of the spring sats
(10 and {14, At set {18, this ground is extended
OVer conductor 15 of cable 63, contact {18, con-

1% and {13
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ductor 122 of cable 54 tc cperate code magnet
§_5a. At set 113, this ground is extended over
onductor 78 of cable &3, contact {18, conductor

3 of cable €4 to operate code magnet {§
Th% operation of thesz code marrﬁe’us com-—
p;et@s circuit from ground, contacis 88, 1258, and
, conduetor {47 of cable §4, baz‘ir CoONLact {538,
ﬂont contact {52, back contacls {54 and {87,
front contact 155, w:mduator 13 of cabkle 64, con-
tact 133, conductor 78, switch 82, contact (32,
conductor {49 of cables 64, to overate register
magnet | {A of register A.

The circuit fthrough contacts (Bl to (59 in-

clusive of code magnets {€a to t8e, is closed when

any iwo and exactly two of the magnets are
operated. If either magnet 18a or !18d fails fo
cperate their contact springs, the circuit is open
as contacis 18D or 152, respectively. If any of
the magnets 185, 18c or [Ge operate in ervor,
the circuit is open at contacts i57, LE4 or (58,
raspectively.

As previously described in connection with
Figs. 1a, 2a, and 4¢, the operation of code mag-
nets 18a and [8d rotate their respective code

shafts {5 to position the ends 8 of their spring
memoers ¢ and the ends i8 of the spring mem-
Bers {7 so that cams 7 on register shaft {8A of

register A will cause their associated register
clements 2z and 4b o assume their non-dis-
placed position when register magnet {{A op-
crates. In the operation being described, reg-
isier elements &b, éc, and 4e are displaced when

register magnet f{A operates, because code mag-
net:, i6a, 165 and (8¢ have not operated.-

A circuit is now closed by the operation of
magnet { 1A from ground, back contacts {83 and
(61, front contact 183, conducior (4% of cable
64, contact 138, to operate relay i28. This cir-
cult closes when one and only one of the mag-
1B or {{C operates. The operation
of relay {22 cpens the previously described op-
erating circuit of magnet (A at contact i25.
relay (€8, which operated from ground at con-
tact 88 when relay 85 operated, is released at
vack countact 127, and relay 122 is locked in its
operated position over operated contact 127 and
conbact 89, Relay 185 is g slow to release relay
0 provide time for magnet [{A of register A
1o release and for any of the razister elements 5

‘that have been displaced to restore if, for any

reason, they fail fo be held in their displaced
position by their latches {2.

The release of relay 185 connects ground
through contact 128, conductor 78, switeh 82,
contact {24, conducter {44 of cable 83 to operate
magnet 23A of register A. |

As previously described, check shaft 28A ro-
tates cams 28 corresponding to those register
elements 4 which have not been displaced in
register A, In this descripticn elements 4a and
f‘d have not besn displaced and cams 298¢ and

s38d do not rotate while cams 385, 38c¢, and 30e
do Thus, as previously described for gy, 1g
and 1D, s*traps 350, ¥8c, and 3% are prevenied
irom moving while straps 8%a and 36d may be
moved when magnet 44 operates.

The operation of magnet 25A operates mag-
net 45 in an obvious circuit. When check shaft
¢S operates, cams 33¢ and 38d raise straps 364

and 36d and operate contact springs 1758 and 1869.

A circuit is now closed from ground, back con-
tacts 1686 and 1687, front contacts {58 and {58,
rack contacts 1784, {71, {%2 and {73, front con-
tacts 174 and 73, conductor {48 of cable &4, con-
tacts 138 and (2% to operate relay 178, This is
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the check to insure that register eleaments 4a and
&d are in their normal positicns and regisier
elements 4b, 4c and &d are displaced 10 1r¢eorG
the number 2 in register A. The operaticn ¢i
relay 178 opens the locking ground for reiay 82
at contact (17, The release of relay &5 removes
ground from the control circuit and release re-
lays (28, 72, 73, 128 the operated code magnet
[6a, [8d and 40 and magnet 28A of regisver A.

It is obvious that if the device 1§ is equipped
with 60 register elements, a 12 ¢igiy number can
be stored when the contacts of the {ive ccrmmon
code magnets {8 for each digit and the corrve-
sponding contacl sets such as 118 to 4, corre-
sponding to five register elemensts, are connescted
as shown in Fig, 5, and these groups are con-
nected serially over conductors (853, {43, and (43
10 the control circuit 7!. The number ol regis-
ters with which any such mechanism sucn as 18

may be equipped, may vary, the checking circuits

throlugh the contacts of magnets {8 and 4218
keing exitended through the ccntacis of tne ad-
ditional register magneis 1§ and 43 in the same
manner as shown in Fig. o.

Likewise, it is obvious that if the mechanism
78 is equipped with 60 register elsments, the wir~
ing of the check circuits can be adapted for g six
unit ecode instead of the five unit code shown,
without meoedifying the sequence of owperation
previously described. In such case the digiis of 2
numiper or the characters of the stored data may
he represented by the operation of three of the
six common magnets 16 forming one such digit
or character. |

Likewise, it is obvious that the mechanism T8
may be equipped for codes having other numbers
of units, such as seven, eight, twelve, and the like,
previded that each character is represented by
the operation of the same number of magnets 1o
in a given code and that the check cirguits are
arranged 1o check for such operaticn. -

When the common contacis locaied on relays,
which are operated by single make convacts con-
trolled by the shafts as previously mentioned, to
reduce: the load on the magnets, the above de-
scribed check circuits controlled by the relay coin-
tacss provide an overall check not only of the
mechanical oneration but the relay operation as
well,

While I have described above the principles of
my invention in connection with specific appara-
tus, it is to be clearly undersioocd that this de-
seription is made only by way of exampie and nov
a8 a limitation o the scope of my invention.

What is claimed is:

1. Inn g storage register for storing synibols in
combinaticonal form, the combination of a plu-~
rality of register elements for representing szid
svinbols by different combinations of normal or
displaced vpositicns o©f sald elemenvs: control
means for said register elemenis including a
member related to each register clement and
means on each member to contrni whether or
not its related register element is o occuny 2
normal or displaced poesivion, deperding upon the
peosition o the member; symbol-entaring means
¢ position the members of the control means
selectively from normal pesition acecording to the
ccmbinations representing the svimbols to be
storad; operating means cooperating with the
means on the members to cause the register ele-
ments 1o he positioned in their normal or dis-
placed pesitions to store the symbols as con-
trolled by the selective positioning of the mem-
hers; a read-out device ifor making available
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data stored in said register, said read-out device
comprising a set of contacts, containing one con-
tact for each register element, a contacit-operav-
ing means including a shiftable member adja-
cent each register element and tending to oper-
ate the contacts, a mechanism for enabling the
register elements to contrel the operation of the
shiftable members, said mechanism including
igtches controlled by the position of -the register
eiements to block the shiftable members against
movement when the register elements are in’one
position and to allow the shiftable members to

move and operate thelir contacts wnen the regis-

ter -elements are in another positicn, means 1o
gperate the mechanism to cause a reag-gut oper-
ation vo take place, and means-rencered operable
hy the operation of the mechanism %o cause the
convact-operating means to operasve, said con-
tacts by thelr operaved and unoperaved condi-
tigns making availalble the symbols stored on the
register elements.

2. In a storage register for storing symbols in
combinational form, the combination of a plu-
rality of register elements Ior representing  said
Sympois by different combpinations ¢i normal or
displaced positions of said elemenis; eontrol
means for said registver elemenis including a
member related to each register element and
mieans on each member to control wheiher or not
its related register element is to oCcupy a normal
i displaced position, depending upon vhe posi-
tion of the member; symbol-entering means to
positicn the members of the conirol means se-
lectively from normal position according to the
combpinations representing the symbols to be
svored; operating means cooperating with the
Tieans on the members 1o cause the register ele-
miants to be positioned in their normal or dis-
piaced positions to store the symbols as con-
trolled by the selective positioning of the mem-
Ders; & checking device for checking the position
of the register elements against the operation of
tha symbol-entering means to insure tvhat the
storage devices are positioned properly, said
checking device comprising a set of contacts, one
related to each member in the control means, and
cperated when the related member is operated, a
second set of contacts, containing one-contact for
cach register element, a contact-operating means
including a shiftable member adiacent each reg-
ister element and tending to operate the con-
tacts, 2 mechanism for enabling the register ele-
ments to control the operation of the shiftable
members, said mechanism including means ¢on-

- trolled by the position of the register elements to

hlock the shiftable members against movement
when the register elements are in one position
and to allow the shiftable members to move and
operate their contacts when the register ele-
ments are in another position, means to ocpearate
the mechanism to cause a checking operation to
take place, means rendered operable by the
ocperation ¢f the mechanism to cause the contact-
operating means to operate, and a circuit inter-
connecting the two sets of contacts, which cir-
cult is comupleted when the register elements
have been displaced properly according to the
reguirements of the symbol-entering means.

3. In a storage register for storing symbols in
combinational form, the combination of a plu-
rality of register elements for repressnting said
symbols by different combinations of normal or
displaced positions of said elements: control
means for said register elements including a
member for each register element and means on
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each member to control whether or not its re-
lated regisver element is to occupy a normal posi-
tion or a displaced position, depending upon the
position cof the member; symbol-entering means
to position the members of the control means
selectively from normal posifion according to the
combinations representing the symbols to be
stored; contacts settable to open or cicsed posi-
tions by the positioning means according to the
symbols to be stored; operating means cocoperat-
ing with the means on the members o cause the
register elements to be positioned in their normal
or displaced positions to store the symbeols;
checking means including contacts controlled as
to their open or closed position by the pOSitiOIl of
the register elements; means cperated hy the
operating means to render the checking means
elfective to close or open the checking contacts
according to the positions of the register ele-
ments; and means inciluding a circuit controlled
jointly by the contacts settable by the position-
ing means and by the contacts seitable by the
checking means fto indicate whether or not the

register elements have been positioned correctly

tc store the symbols.

4. The storage register as claimed in claim 3 in
which the contacts settable by the positicning
means include a contact for each of the members
and in which a contact closer in the positioning
means cicses a contact when the positicning

means rmoves the member related to that con-
tact, from its normal positicon.

5. The storage register as claimed in claim 4 in
which a contact is provided in the checking
means for each register element and in which
means on the register element prevents the clos-
ing of the related contact if the element is in its
dlsp...aced position.

.6. The storage reglster as claimed in claim 3 in
which the circuit controlled jointly by the con-
tacts settable by the positioning means and by
the contacts setfable by the checking means will
be closed only when the member related to a
register element has been moved from its normasl
rosition and the corresponding register element
is in its normal position.

7. In o storage mechanism for storing symhbols
in combinatiomal form reprasented by the various
combinaticns of normal or displaced positions of
2 plurality of register elements of a set, the com-
ninatvion of a plurality of registers, each register
including 2 set of register elements for each of
the sym:pols that may be stored therein at cne
time, and each c¢i said register elements being
settable in 8 normal position or a displaced posi-
tlen; a rlurality of selectively ouerable selector
membhpers commen to the plurality of registers,
cne selector member peing provided for each
register element of a register angd having means
thereon cocoperating with the corresponding
register elements in the several registers to con-
trol the positicn to be occupied by the register
elements; syvimbsl entering means 1o operate
selecied onss of the selector members acceording
tc the symbels to he stored to cause the selector
memb»ers o control their related regisier ele-
menvs; and regisier selecting means for select-
ing in which registver the symbols are to ke stored,
said selecting means including an individually
operable operating means for each register, co-
operahle with and operable through the selector
member carried means for that register to cause
the register elements of that register to be posi-
tioned according to the control e}rerted by the
selector members, |
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8. In 3 storage mechanism for storing symbols
in combinational form represented by the various
combinations of normal or dispiaced positions of
a pluraiity of register elements of a set, the comi-
bination of a plurality oi regisvers, each regisier
including a set of register elements for each of
the symbols that may be stored tnerein at one
time, and each of sald register elements being
settable in a normal position or a displaced posi-
tion; a plurality of selectively operable selector
members common to the plurality of registers,
one selector member being provided for each
register element of a register and having means
thereon cooperating with the corresponding reg-
ister elements in the several registers 1o control
the position to be occupied by the regisier ele-
ments; symbol-entering means to operate se-
lected ones of the selecior members according to
the symools to be stored to cause the selector
members o control their relatzsd regisier ele-
ments; register selecving means for selecting in
which register the symbols are to be stored, said
selecting means including an iﬂdividually-oper—
atle operating means for each register, cooper
able with the selector-member-carried means for
that register to cause the register elements of
that register to be positioned according to the
control exerted by the selector members: a com-
mon read-out device for the plurality of registers
inn the storage mechanism, said read-out device
inciuding a plurality of contacts, one contact
keing related to a corresponding register element
in ecach of the registers and being operable to
1indicate by its closed or open condition the nor-
mal or displaced position of an element, and
means selectively operable to enable the register
eiements of any selected register to control the
nositioning of the contacts, the combinations of
closed and cpen positions of the contacts provid-
ing combinational representations of the symbols
stored in the selected register and may be used to
control some cther apparatus.

. In g sgorage mechanism for storing symbols
in combinational form represenved by the various
combinations of normal or displaced positions of
a plurality of register elements of a set, the com-
kination of a plurality of registers, each register
including a set of register elements for each of
the symbols that may be stored thersin at one
time, and each of said register elements being
settable In a normal position or a displaced posi-
tion; a plurality of selectively operable selector
merahers common to the piurality ol regist
one selector memhper being provided for each
register element of g register and having means
thereon cooperating.with the corresponding reg-
ister elements in the several registers o control
the position to be occupied by the register ele-
ments; symbol-eniering means o operaie se-
lscted ones of the selector members accorading to
the symbols to be stored to cause the selector
members to control their related register ele-
ments; register selecting megns for seleciing in
which register the symbols are to he stored, said
selecting means including an mdlvmually-opm
able operating means for each register, cooper-
ahle with the selector-member-carried means for
that register to cause the register elements of
that register to be positioned according to the
control exerted by the selecior members: o read-
out device for making available dais stored in

any one of said plurality of registers, said read-

out device comprising a set of contacts, one con-
tact for each register element in a register, a

75 contact-operating mechanism including a shift-
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sble member adjacent to similar register: ele-

ments-cf the plurality of registers and fending tc

allow the mechanism to .operate the contacts, an
individually cperable read-out control mecha-
nism for each register for enabling the register

elements to.contrel the operation of the shiitable

members, each individually- operable read-ouf
control mechanism including means ccntrollec

by the position of the register elements of that.
register to block the shiftalble members against
movement if the register elements of the selected

register are in one position and allow the shift-
able members to move and operate their concacts

if ‘the register elements of the selected register
are in their other position, the condifion of the
contactis thereby making available the symbols

stored. . on.-the register whose individually oper-
able read-out control mechanism is cperated.

10. In a storage rmechanism for storing sym-.

bols .in cembinaticnal form regresented by tne
various combinations of normal or displaced

positions of a plurality of register elementvs cof a
set, the combination of a plurality of registers, .
each register including a set of register elements.

for each of the svmbpols that may e stored
therein at one vime, and each of sald register ele-
ments: being seittable in . a2 normal position or &
displaced  position: a plurality of selectively
operable selector members common to the plu-
rality of - registers, one selectcr member being
provided for each register eiements of a register
and having means thereon cooperating with the

corresponding register elements in the several
registers to contrel the:position t¢ he occupied by

the regisfer elements; symbol-entering means 0

operate selecied ones of the selector members
according to the symbols 10 be stored 1o cause:
the selector members to control their reiated

register elements: regisver selecting means for
selecting in which regisier the symbois are to be
stored, said selecting means including .an indi-
vidually-cperabie operating means for each reg-
ister, cooperable with the selector-member-car-
ried means for that register to cause the regiser
elements of that register to. e positioned accord-
ing to the control exerted by the selector mem-
bers: a checking device for checking the pesition
of the register elements in any one of said plu-

rality of registers against the operation of the

svmbcl entering means to insure thai the ele-

ments are properly . positioned, sald checking

device ecomprising a st .of contacts, one . for each

of said selector members, operaved by the enter~-
ing means when the relaited selector member 1s-
operated, a second set of contacts, one ior each

register.elament, a contact operaving mechanism
including a shiftable member adiacent to-similar
register elements of the plurality of registers and

tending to operate the contacts, an individuaily

operabile mechanism for each ragisier Lor render-

ing the checking device:- efiective o check the:

positicn of the register elements in that register

by enahling the regisier elemenis to control the

cperation of the shiftable members, each indi-
vidually c¢perakle mechanism including Iatches
controlied by the position of the register elements
of that register toc latech the shiftakle members

against movement if the .regisier elements of the.
selected register are 1n one positicn and allow the
shiftable members t0 move and operate their.
contacts if the register element of the selected

register are . in their other positicn, and a circuit
interconnecting the two: sets.of contacts, which

circult is.completed when: the register elements.
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have ‘been displaced properiy according to the-
requirements: of the symbol entering means.

11. I an electrg-mechanical mechanism: for.
storing symbols in combinatvicnal forin repre-

: sented by the various combinations of normal or

displaced positions of register eiements of a set,
the combination of a plurality of registers, each
register:including a:.set of ‘register elements for
each of the symbols that may be stored. therein.
at one vime and -each of said register elements
being settable in @ normal position or a displaced
position; a plurality of selectively operable selec-
tor members common to the plurality of regis-
ters, one selector member being provided  for-

-each register member of a register and having

means- therecn cooperating with corresponding
register elements in the several registers to con-
trol the position 10 be-occupied by the registering
elements;  symbol-entering means including an-

. electromagner - related to each selector member,

said electromagnets: being  selectively energized
t0 operate related ones cof the selector members :
according to the symbols to be storedto cause the
selector members to control their related register

. elements according to the symbols tc he stored;

and - register selecting means: for ' selecting in
winich register the symbols are to be stored, said-
selecting. means including, for each register, an
cperating electromagnet and operating means:

~orerated thereby and cooperable with the selec-

ter member carried means for that register to
cause the register elements of -that register to be -
positicned acceording . to the control exerted by
the seleetor members.:

12.- In a storage register for storing symbols in
combinational -form represented by the various
combinations of normal or displaced positions of
a plurality of register elementsof 'a-set, each
combination requiring a predetermined number
of the elements to be in normal position, the com-
cination of a plurality of setyg of register ele-
ments . including a set of register elements for
each of the symbols that may be stored therein
at one time snd each of said register elements
being settable in a normal position or a displaced:
position; a plurality of selectively operable selec~-
tor members, one selector member heing provided
for each register element of the register and hav-
ing means-thereon cooperating with correspond-
ing register elements to control the position to be
occupled oty the register elements:; symbol enter-
ing means to oparave sclected ones of the selec-
tor mermbers according to the symbols to be stored -
to caise' the selector members to control their
related register elements, each operated selector
member being effective to control its related reg-
ister element so that the element will be posi-
tioned in its normal position; operating means
for the register, cooperable withh ithe selector
member carried means for the register to cause
the. register elements of the: register to be posi-
tioned according to the control exerted by the se-
lector members; contacts related to each of said
selector. membﬂrs, means in the symbol entering
means for closing the contacts related to the op-
erated selector members; an electromagnet for
operating. the register -‘oparating means: and gz
circuit for controlling the energization of said
electromagnet, said. circuit including said con-
tacts and completed only when said predeter-
mined number of selector members of a set have
been. operated..

13. In an -electro-mechanical storage register
tor storing symbols in combinational form rep-

78 resented by the various combinations. of normal
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or displaced positions of a plurality of register
cleraents of a set, each combination requiring a
predetermined number of the elements to be in
11{}1“1 al wositicn, the cecmbination of a plurality of
sets of register elements including a set of reg-
Lstﬂ“ clements for eacih of the symbols that may
be stored therein at one time and each of said
register elzments being settable in a normal posi-
tion or a displaced position; a plurality of selec-
tively operabie selector members, one selector
member peing provided for each register element
Ol a register and having means thereon cooper-
ating with corresponding register elements in the
averal registers vo control the nosition to be oc~-
-umad by the regisier elements; symbol entering
means including an electromagnet related to
gach selector member, said electromagnets being
selectively energized to operate related ones of
tlie selector members according to tiie symbol to
e stored o cause the selector members to con-
trol tneir related register elements, each oper-
ated selector membper being effective to control
ils reiated ragister element so that the element
will be po-smm'led in its normal position; oper-
ating means {or the register, cooperable with the
seiacior memmper carried means for the register to
cause the register eiements of the register to ke
cosivicned aceording to the conirol exerted by
the selecvor members; convacts related to each of
said selector maembers; means in the symbol
entering means for closing the contacts related
to over :..,'1 selector members; an eleciromagnet
' tile register operaiing means; and
ontreoliing the energization of said
sald circuif including said con-

‘1

1 Elg”QEL

mined numier of selector members of a set have
cperated.,

. 'ihe storage register as claimed in claim 13
ang, in addition, a second set of contacis related
to the selector members and including a con-
tact related to each selector member and oper-
ated by the related symbol entering magnet when
the related selector member is operated; a set of
checking contacts including a contact for each
register element; means controlled by the register
elements to allow their related contacts to oper-
ate when the register element is in normal posi-
tion; electromagnetic means to operate the check-
ing contact operating means; a circuit for con-
trolling the electromagnetic means which oper-
ates the checking contacts, said circuit being
closed by the electromagnetic means which op-
erates the register operating means, when the

and compieted only when said predefer-
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register operating means is operated, for causing
the checking contact operating means to be Op-
erated; and a circuit including said second set
of coniacts and said checking contacts and also
including means to restore the operated symbol
entering eleciromagnets and the operated register
operating means electromagnet to unoperated
condition, said circuit being compileted by said
contacts, if the register elements corresponding
to operated selector members are in their nor-
mal position, to cause the restoring means toc op-
erate.

15. In a storage register for storing symbols
in combhinational form, the combination of
plurality of register elements for representing
symbols ty different combinations of normal or
aisplaced positicn of said elements: means urging
the elements to their normal positions; means
latching the elements in their displaced position;
operaving means for said regisier elements; and
contrel means for controliing the effect of said
operating means on said regisier elements in po-
sitioning them according {o the -symbols to be
stored, said control means including a member
related to each register element, which members
can be selectively operated from a normal posi-
tion according to the symbols being stored, and
each of sald members having an interponent
thereon which is engaged by the operating means
cnly in the normal position of the member, o
digplace the relaved register element if it is in its
normal posifion, each of said members also hav-
ing thereon a second interponent which is nor-
mally ineffective but which, in the opera ted po-
sition of the member, is nioved to effective po-
sivion to be operated by the operating means to
operate the iatch and release the registering ele-
ment to allow that element to return to its noi-
mal position if it had been latched in its dis-
placed position.

SAMUEL B. WILLIAMS.
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